The regeneration capacity of six types of explants (segments from hypocotyl, cotyledons, epicotyl, leaf, internodes and petiole) was compared in 13 cultivars of tomato (Lycopersicon esculentum Mill). Explants were cultured on a regeneration medium containing 1 mg/l zeatin and 0.1 mg/l indole-3-acetic acid. The number of shoot primordia and shoots with 1 or more fully developed leaves was evaluated after 6 weeks. The regeneration capacity was significantly influenced by cultivars and explant types. The total number of shoot primordia produced in all types of explants was highest in the cultivars Hana and Premium and lowest in UC 82 and Money Marker. Cv. Hana also produced the highest number of shoots. The most responsive explants in most cultivars were hypocotyls and epicotyls with up to 100% regeneration and mean production of 6.3 and 6.5 shoot primordia per explant, respectively.
In tomato, genetic transformation with regeneration in vitro has been successfully used for genetic improvement (L������ 1992) . Tolerance to herbicides, resistance to pests and diseases, production of edible vaccines or other novel bioproducts and quality improvement are the most important goals of genetic plant modification. Regeneration of whole fertile plants from appropriate tissues in vitro is important in genetic plant transformation. Shoot formation from explants of apical meristems, cotyledons, stems, petioles, leaves, anthers and inflorescences has been reported in tomato (Y���� et al. 1987; B����� et al. 1990; C������ & V������� 1991) .
The most successful procedure up to date is regeneration through adventitious organogenesis (V�� R����� et al. 1993; F���� & E���� 1996; P���� et al. 2001) . In vitro plant regeneration has been found to depend on many factors, of which most important are: composition of the basic medium, growth regulators, gelling agent, light intensity and quality, photoperiod, temperature, cultivation vessels and vessel covers (R��� 1999) . The purpose of our work was to examine the effect of cultivar and explant type on shoot regeneration in vitro in tomato.
MATERIALS AND METHODS
We used 13 cultivars of tomato (Lycopersicon esculentum Mill. F���� and E���� (1996) . The hypocotyls were cut into a lower, middle and upper segment. Each cotyledon was transversally cut into a proximal and a distal half-segment. Segments of epicotyls, internodes, and leaves were isolated from three weeks old nodal explants regenerating on the modified MS medium. Epicotyls, petioles and internodes were transversally cut into 4-7 mm segments and leaf-blades into pieces of 30-40 mm 2 . The explants were placed horizontally on the medium surface, cotyledon and leaf-blade explants with the adaxial surface in contact with the medium. Regeneration was induced by a MS medium supplemented with 1 mg/l zeatin (ZEA) and 0.1 mg/l indole-3-acetic acid (IAA) (I������� & O�� 1995) . The media were adjusted to pH 5.8 prior to autoclaving. Petri dishes with 25 ml of medium were used. The regeneration ability of explants was assessed six weeks later. The following parameters were evaluated: frequency of regeneration (percents of regenerating explants), the number of shoots per explant and the number of shoot primordia per explant. The experiment was repeated two times with 20-40 explants per variant (depending on the explant type). Significance of differencies between the results was estimated by Analysis of Variance (ANOVA) with data transformed by ln (x + 1). Variation among means was analysed using Tukey's procedure.
RESULTS
In total, 1483 tomato explants were cultivated on a MS medium supplemented with 1 mg/l ZEA and 0.1 mg/l IAA. On the cutting edges developed within two weeks yellow-green calli, on which shoot primordia and later shoots appeared. The cultivars and also the explant types differred significantly in regeneration (Table 1) . Hypocotyls and epicotyls found between cultivars and also between explants (Tables 2 and 3 ). Statistical cultivar x explant interactions were also significant. The highest number of shoots and shoot primordia was obtained in the cultivar Hana (Tables 2 and 3 ). The cultivar Premium showed a similar number of shoot primordia, but a significantly lower number of shoots per explant. The highest number of shoot primordia regenerated on hypocotyl and epicotyl explants (Table 2) , while the highest number of shoots formed on hypocotyl and cotyledon explants ( Table 3 ). The shoot production on different explant types was variable. Most cultivars produced shoots from cotyledon or hypocotyl explants. A few cultivars regenerated shoots also from explants of epicotyls (4 cultivars), leaves (3), internodes (6) or petioles (1). The highest number of shoots per explant regenerated in the cultivar Hana on epicotyl explants (1.6) and in the cultivar Robura on leaf-blade explants (1.36). The regeneration ability of cotyledon explants ranged from 0.08 to 1.0 shoots per explant and of hypocotyl explants from 0-0.89 shoots per explant (Table 3) .
DISCUSSION
In vitro culture is used in tomato in different biotechnological applications, such as clonal propagation, production of virus-free plants (M������� et al. 1999) , genetic transformation (F���� & E���� 1996; L��� et al. 1998) and in many fundamental research programes (H����-F������� 2000; A�������� et al. 2001) . Most of the reports about adventitious regeneration in tomato deal with induction of regeneration in hypocotyl or cotyledon explants (A������ et al. 1995; I������� & O�� 1995; M������� et al. 1999) . To our knowledge, complex work on regeneration ability of 6 various types of explants in different tomato cultivars has not yet been described. In our work we compared the regeneration ability of 6 seedling-derived explant types in 13 tomato cultivars.
Money Maker is reported as the most frequently used cultivar for regeneration and transformation of tomato (V�� R����� et al. 1993; F���� & E���� 1996; L��� et al. 1998; B������ & L������ 2000; H����-F������� 2000) . Thus we decided to use it as a reference cultivar to compare the regeneration capacity of 12 tomato cultivars of Slovak or Czech origin. The best capacity of shoot primordia regeneration was observed in the cultivars Hana, Premium and Robura, while Money Maker showed one of the lowest regeneration capacity. Only regeneration from hypocotyls was similar to the regeneration ability of the 3 cultivars mentioned above. M������� et al. (1999) studied regeneration of 3 tomato cultivars using hypocotyls and cotyledons as explants. The highest regeneration frequency in their experiment was 70.2% for hypocotyls and 35.3% for cotyledons. Their results were in agreement with results of others (P������ & C������� 1984; A�� et al. 1994) . But in our work the regeneration capacity of hypocotyls was much higher, 100% in 12 out of 13 cultivars. N������� et al. (2001) observed high regeneration frequency 92% and 85% on cotyledon explants of the cultivars Santa Clara and its natural mutant Firme, respectively, but the average number of shoots regenerated per explant was lower than 2. M������� et al. (1999) obtained about 7.2 shoots per explant using 1 mg/l zeatin in the medium. In our experiment, the cultivars Hana and Premium regenerated 11.4 and 9.45 shoots and shoot primordia per epicotyl explant. A�������� et al. (2001) reported in wild tomato Lycopersicon cheesmanii regeneration of 5.8 and 6.0 shoots using leaf and cotyledon explants, respectively, when zeatin was added to the culture medium. I������� and O�a (1995) used the same medium as we did, but the aim of their study was to study the effect of different agar concentrations and different gelling agents on shoot regeneration in cultivated tomato. They used only one cultivar (Zuiken) and obtained 0-0.8 shoots per cotyledon explant on agar media.
Cultivar, explant type and medium composition are considered the three main factors affecting in vitro plant regeneration in many plant species. In this work, we observed statistically significant differences in regeneration capacity between genotypes and between explant types, expressed as frequency of regeneration and average number of shoot primordia and shoots per explant.
Concluding remarks. We were able to achieve plant regeneration in 13 tomato cultivars using 6 different explant types. The regeneration capacity of explants strongly depended on the cultivar and explant type. The highest regeneration capacity was observed in the cultivars Hana and Premium and with hypocotyl explants. Among the explant types cotyledon segments showed the highest shoot regeneration ability.
